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INTRODUCTION
Background
The need for research on nutrient balances of lakes has been amply demonstrated in recent years by increased activity in the field of lake management and restoration (Seyb and Randolph, 1977; U.S. Environmental Protection Agency, 1979) . Although water and nutrient balances are required for assessment of lake management and restoration projects, many field and analytical methods are subject to various amounts of error (Winter, 1980) . Because of uncertainties in hydrologic methods related to lakes (Winter, 1981) , the U.S. Geological Survey recently initiated research studies on the physical, chemical, and biological aspects of lake hydrology.
Williams Lake, a small natural lake in north-central Minnesota ( fig. 1 ), is one of several natural lakes selected by the U.S. Geological Survey and its cooperators for intensive field research. The lake was selected partly because it has no surface-water inlets or outlets; it was perceived to be a relatively simple hydrologic system, interacting only with the atmosphere and with ground water. Based on National Weather Service data obtained at stations tens of miles from Williams Lake, the lake is in an area where precipitation is approximately equal to evaporation. As part of the U.S. Geological Survey's lake hydrology program, Williams Lake has been instrumented for evaluation of several methods of measuring and estimating precipitation, evaporation, and ground-water interchange.
Williams Lake lies immediately south of the Itasca moraine at an altitude of about 420 meters above the National Geodetic Vertical Datum of 1929. The lake is immediately underlain by sand and gravel, but deep test drilling indicates that this surficial unit is underlain by a complex series of alternating till and sand and gravel units. Although the geomorphic setting of the lake is characteristic of ice-contact drift, the lake is shown by Arneman and others (1969) to be near the northern boundary of the Park Rapids-Staples Outwash Plain ( fig. 2) . The physical setting of Williams Lake, as well as hydrologic instrumentation and preliminary evaluation of its hydrologic setting, is described by Siegel and Winter (1980) . The morphometric characteristics of the lake are shown in table 1 and figure 3.
Because Williams Lake is instrumented for extensive hydrologic studies, it is an ideal site for limnological research that is dependent on knowledge of hydrologic fluxes to and from the lake. The limnological characteristics of Williams Lake have never been studied. Therefore, a 1-year survey was made in 1979 so a basic description of the limnological characteristics of the lake would be available. 
Purpose and scope
The purpose of this report is to describe and make preliminary interpretations of: (1) Limnological characteristics of Williams Lake, based on physical, chemical, and biological data collected in 6 days in 6 different months in 1979; (2) chemical quality of ground water near the lake, based on samples collected during the summer of 1979; and (3) mineralogy of the lake sediment cores obtained in February 1978, The period of study extended from March, when the lake was covered by ice, through the period of open water, to December, when it was again covered by ice. Figure 3. --Map and geologic section, Williams Lake, (modified from Siegel and Winter. 1980) A. Bathymetry and location of sediment cores B. Stratigraphy of lake sediments and location of subsamples for mineralogical analysis (arrows)
METHODS
Lake water
Williams Lake was sampled in March, May, July, August, October, and December of 1979 for physical, chemical, and biological characteristics. The sampling location was over the deepest part of the lake ( fig. 3) . Optical transparency was measured with a 20-cm (centimeter) diameter white Secchi disk. A multiparameter probe was used to measure temperature, specific conductance, dissolved oxygen, and pH at 1-m (meter) intervals along a vertical profile through the water column.
Samples for major ion, iron, manganese, total phosphorus, total nitrogen, and silica concentrations were collected with a 2-L (liter) PVC horizontal Alpha bottle at 1 m below the lake surface (hereafter referred to as nearsurface samples) and at 1 m above the lake bottom (hereafter referred to as near-bottom samples). The Alpha bottle also was used to obtain discretedepth samples from the euphotic zone, that was determined by doubling the Secchi disk transparency value (Dillon and Rigler, 1974) . These discretedepth samples were combined into one 2-L sample, which was then split into two 1-L subsamples: One for phytoplankton analysis, and the other for chlorophyll a analysis. The subsample for phytoplankton analysis was preserved with a formalin-copper sulfate solution. The subsample for chlorophyll a analysis was filtered through a glass-fiber filter, then analyzed by chromatography and fluorometry (Shoaf and Lium, 1977) .
Zooplankton were collected in replicate vertical hauls from 1-meter above lake bottom to the surface, using an 80-ym (micrometer) mesh Wisconsin plankton net. Zooplankton samples were narcotized with soda water and then fixed with formalin.
All samples except Zooplankton were analyzed by the U.S. Geological Survey national water quality laboratory in Doraville, Georgia, according to methods described in Skougstad and others (1979) for water chemistry and Greeson and others (1977) 
Lake sediments
Cores of lake sediment were taken at seven locations in Williams Lake February 19-20, 1978 (fig. 3 ). The cores were taken with a 50-cm diameter piston corer, using core barrels of 1, 2, and (or) 3.5-m lengths. The sediment was extruded onsite and wrapped in plastic-film wrap and aluminum foil. The cores were later split in half, cut into 5-cm segments, and stored. Ten samples of lake sediment ( fig. 3 ) were analyzed by Dr. Blair F. Jones, U.S. Geological Survey, for their mineralogical composition using X-ray diffraction (Jones and Bowser, 1979) .
Ground water
Samples of ground water for chemical analysis were collected with a bailer, modified from the design of Wood (1976) , because the wells have small diameters (5 cm or less) and most are water-table wells containing less than 2 m of water. Each well sampled (see fig. 4 for locations) was bailed until approximately four casing volumes had moved through the screen, or until constant temperature, pH, and specific conductance were obtained. Temperature was measured either by a thermister or a calibrated mercury thermometer. Specific conductance was measured with a specific conductance bridge adjusted to the water temperature and a plastic-graphite dip cell. In the range of specific conductance encountered, 100 to 500 yS/cm (microsiemens per centimeter) the indicated values were all within 5 percent error. A pH meter and combinatioglass electrode were used to measure pH. All pH measurements were preceded by double buffer checks with 7.00 and 4.00 or 10.00 (±0.02 units) buffers cooled to ground-water temperature.
Alkalinity was determined in the field by titration with standardized sulfuric acid. Calcium and magnesium were determined by EDTA compleximetric titrations using Eriochrome Black T indicator (Brown and others, 1970) . Calcium was determined by a similar titration at a higher pH using hydroxynapthol blue indicator. Other constituents were determined by the U.S. Geological Survey national water quality laboratory in Doraville, Georgia, according to standard techniques (Skougstad and others, 1979) .
RESULTS
In-lake
Williams Lake had inverse thermal stratification under ice cover in March and December, and distinct thermal stratification in May, July, and August ( fig. 5A ). There was no distinct hypolimnion in July, and bottom temperatures were greater than 4°C in May, July, August, and October. Assuming that doubling the Secchi disk transparency depth is equal to the zone of light penetration in the lake, light reached the bottom of the lake at its deepest point in July and August.
Clinograde distributions of oxygen were observed on each sampling date of this survey ( fig. 5B ). However, oxygen was never completely absent from any part of the water column during this investigation. Oxygen was partially depleted under ice cover ( fig. 5B ), and near-anaerobic conditions existed at the lake bottom in March. Supersaturation of oxygen was , and pH and specific conductance (C) in Williams Lake on 6 days in 1979 evident in May, July, and August and was probably related to photosynthetic activity in the lake.
Distinct clinograde distributions of pH were observed only in July and August ( fig. 5C ). The vertical distribution of specific conductance was inverse clinograde in March, July, and August ( fig. 5C ). Average specific conductance for the entire wafer column for all sampling dates was 194 yS/cm, and the average calculated total dissolved solids concentration was 126 mg/L (milligrams per liter).
Calcium is the dominant cation and bicarbonate (alkalinity) is the dominant anion in Williams Lake (fig. 6 ). Kelts and Hsu (1979) state that in waters of pH 6.5 to 8.5, the simplifying assumption of alkalinity equalling the bicarbonate concentration is valid. The conditions for this assumption were found to exist in Williams Lake during this study; independent determinations for silica, phosphorus, and nitrogen indicate they are present in quantities insufficient to influence alkalinity. In general, higher concentrations of iron and manganese were observed in the near-bottom samples compared to the near-surface samples ( fig. 7 ), when the oxygen profiles for the lake were distinctly clinograde, and near-anaerobic conditions existed above the lake sediments. The average concentration of SiO£ for this study was 0.7 mg/L; there was no consistent discernable difference between nearsurface and near-bottom samples ( fig. 8 ).
For the dates that total phosphorus data are available, concentrations near the bottom were more than double the concentrations near the surface ( fig. 9 ). Average total phosphorus concentrations were 0.008 mg/L at 1 meter below the surface, and 0.018 mg/L at 1 meter above the bottom. Kjeldahl nitrogen was the major component of total nitrogen for the sample dates. Differences between the near-bottom and near-surface nitrogen concentrations are not as distinct as those for total phosphorus. Average concentrations for total nitrogen components were 0.47 mg/L for Kjeldahl nitrogen as nitrogen, and 0.059 mg/L for nitrite plus nitrate as nitrogen. Based on all of the dates and depths for which total nitrogen (N) and total phosphorus (P) data were available, the N:P ratio for Williams Lake is 46:1 by weight.
Blue-green algae were the most numerous group of algae found in Williams Lake ( fig. 10 ). Diatoms were most abundant in October, the only sampling date that the lake was truly isothermal. Phytoplankton genera found during the study are shown in table 2.
Copepods were the most numerous group of zooplankton found in this survey ( fig. 11 ). However, rotifers were more abundant than either copepods or cladocerans during the isothermal conditions observed in October. Zooplankton genera found during the study are shown in table 3.
The average chlorophyll a concentration for the second half of the study was 4.18 mg/m3 . The first few samples for chlorophyll a analyses were destroyed during processing; therefore chlorophyll a data are available for only the latter half of the study. The number of phytoplankton varied widely, from 26 cells/mL (cells per milliliter) in March to 88,000 cells/mL in July. Zooplankton numbers ranged from 3,375 organisms/in3 (organisms per cubic meter) in December to 21,900 organisms/m 3 in May, based on the average of the two replicate samples. Algal biomass, as measured by chlorophyll a, and total numbers for both phytoplankton and zooplanton are shown in figure 12 .
A partial survey of macrophytes indicated that the predominant emergent plants are Nymphaea species. The main submersed macrophytes are ChaTa species and three species of Potamogeton. All of these macrophytes are generally confined to zones along the western shore and in the bogs at the southeast end of the lake. The southeast bay contained a dense growth of Nymphaea species, covering 70-80 percent of the water surface in the bay. This bay also had a sparse population of Equlsetwri species.
Lake-sediment mineralogy
Quartz is the most abundant mineral in nearly all samples of Williams Lake sediments. No carbonates were identified in the gyttja. In the inorganic sediments, calcite is generally present, and may be codominant with quartz. Marl, a calcite-rich fine-grained lake sediment, was identified in the field in parts of cores 6 and 7. The X-ray analysis of the subsample of core 6 shows that calcite is the predominant mineral, and has relatively much less quartz. Similar marl deposits were observed in the littoral zone of the lake mainly along the northern shore. A detailed discussion of the geochemical lake-ground-water system that leads to the deposition of this calcite deposit is presented by Groschen (1981) . Lithologic descriptions of the sediment cores that were subsampled for mineralogical analysis are given in table 4. Semi-quantitative mineral abundances measured in randomly-mounted, X-rayed powder samples are given in table 5 .
Dolomite is present in many of the lake-sediment samples. The samples from core 7 that were analyzed were taken from the glacial drift beneath the lake sediments. In these deposits, dolomite is equal to or exceeds the amount of calcite, which is probably due to the relative abundances of these minerals in the source rocks of the glacial deposits in the watershed. The quartz, calcite (not associated with marl), dolomite, albite, potassium feldspar, and amphibole present in the lake sediments also are probably derived from the watershed.
Kaolinite and chlorite are the dominant clay minerals, but mixed-layer clays also are present. Clay minerals were determined by oriented X-ray techniques on the size fraction of the samples less than 1 ym (Jones and Bowser, 1979) . Calcite was identified in this size fraction only in the inorganic lake-sediment samples. The glacial drift sample from core 7 apparently contains no calcite particles smaller than 1 ym.
Ground water
According to Siegel and Winter (1981) , Williams Lake has about equal amounts of ground-water inflow and outflow. Their study was of only a 3-month, late-summer period, during which ground water constituted about 12 percent of total inflow and outflow. On an annual basis it is estimated that ground-water inflow and outflow is probably between 10 and 20 percent of the total water budget.
Field analyses (tables 6 and 7) and laboratory analytical data (table 8) show that ground water near Williams Lake is of the calcium bicarbonate type. Laboratory data are for ground water taken from piezometers WLN-40, WLN-70, WLN-100, and WLN-130 of nest W (fig. 4) . These piezometers are completed in the upper outwash sand which underlies the lake basin. The three ions: Ca+2 (calcium), Mg+2 (magnesium), and ECO^ (bicarbonate) constitute 95 to 98 percent of the total ionic concentration, in equivalents.
Mean temperature of the ground water in the study area is 9.2°C. Specific conductance ranges from 250 to 505 yS/cm. The lower conductance values are from zones where lake water seeps to ground water, for example at well 4 ( fig. 4) . The pH of ground water ranges from 7.25 to 8.10. Calcium concentrations range from 40 to 92 mg/L, and generally increase with increasing specific conductance. Magnesium concentrations range from 6.7 to 18.0 mg/L, but have no clear trend with respect to specific conductance. Alkalinity (expressed as mg/L bicarbonate) ranges from 170 to 385 mg/L; it shows a trend similar to calcium with respect to specific conductance. Core 2 was not described in the field; cores 1, 3, and 5 were not subsampled for mineralogic analysis. 3/ These samples also were analyzed for minerals in the <l-ym size fraction in oriented mounts. Concentrations of the major dissolved species in ground water taken from the four piezometers of nest W on October 19, 1979, are compared with lake water sampled October 18, 1979 ( fig. 13A ). Iron and manganese concentrations in these same samples are shown in figure 13B . The Eh and pH conditions in the lake may exert more control on calcium, alkalinity, iron, and manganese than dilution by rain and snow. The Eh and pH conditions in the lake are greatly different than the conditions of the ground-water environment. The effect of this difference can be seen in untreated filtered water from WLN-40 that was left in a polyethylene bottle red precipitate formed in the bottle after a few days. A similar precipitate also has been reported in water from a shallow domestic well nearby. The high iron and manganese concentrations shown in figure 13B as well as the presence of l^S gas noted during pumping of the piezometers may be due to reducing conditions (low Eh) in the ground-water system.
Reduced iron and manganese in solution will oxidize upon exposure to atmospheric oxygen (high Eh) and precipitate out of solution. Preliminary WATEQF (a FORTRAN IV computer program for calculating chemical equilibrium of natural waters) (Plummer and others, 1976) computations show that ground water is theoretically in equilibrium with a high partial pressure of C02 and with calcite. Water withdrawn from a piezometer at Williams Lake most likely will release C02, which increases the pH, and thus creates conditions for calcite precipitation. The red precipitate from the ground water from piezometer WLN-40 is probably a mixture of amorphous iron hydroxide and calcium carbonate.
A similar change in Eh and pH occurs when ground-water discharges into the lake. Assuming the water discharging into the lake is similar to that taken from piezometer WLN-40, there is probably a loss of dissolved calcium, alkalinity, iron, and manganese from solution, which may explain the differences between ground water and lake water shown in figures 13A and 13B.
In the Williams Lake system, solubility of magnesium is not as susceptible to pH controls as are calcium, alkalinity, iron, and manganese, nor as susceptible to Eh controls as are iron and manganese. Comparison of the concentrations of magnesium in ground water and lake water yields a rough estimate of the amount of dilution affecting all ions. The concentration of magnesium in lake water is 61 percent of the average (11.6 mg/L) concentration of magnesium in ground water from the four piezometers. Concentration of calcium in lake water is 39 percent of the four-piezometer average (56 mg/L). Alkalinity of the lake water is 42 percent of average ground-water concentrations (190 mg/L). If magnesium is affected only by dilution, changes in pH and partial pressure of C02 should account for the additional 19 to 21 percent reduction in calcium and alkalinity concentrations. This is shown more convincingly by the differences in iron and manganese concentrations between ground water and lake water. Concentration of iron in lake water is only 1 percent of the average concentration in ground water from the four piezometers. Concentration of manganese in lake water is 17 percent of the average concentration in ground water from the four piezometers. The oxidizing conditions (high Eh) in lake water probably cause the iron and manganese to precipitate.
Sulfate concentrations are low in the ground water sampled; most are less than 5 mg/L. The lower limit of the analytical procedure used to determine sulfate in Williams Lake water samples is 5 mg/L (Friedman and Beetem, 1980) , therefore the accuracy of those sulfate determinations less than 5 mg/L is uncertain. Chloride is present in concentrations less than 1.5 mg/L. The major source of these two anions may be the atmosphere. Sodium concentration also is low: less than 5.0 mg/L; potassium concentration also is low: less than 2.0 mg/L. No significant changes in the chemistry of ground water were observed during July through October 1979. A series of water-table wells on the southwestern shore were sampled twice in October. Except for well Y, ground water from these wells showed little variation between the two sampling dates. However, concentrations of calcium and bicarbonate ions increase away from the lake along a flow path from the lake to well W ( fig. 14) . Concentrations of calcium, magnesium, and bicarbonate in lake water and ground water from WLN-8 are included in figure 14 for comparison. WLN-8 water is considered representative of ground water flowing into the lake on the eastern shore.
Well Y is located near a wetland at the west end of the series of wells shown in figure 14 . This wetland might be related to the water-table mound determined by water-level measurements in wells S through Y. Percolating rain water probably dilutes ground water near the wetland in the vicinity of wells Y and X. Recent theoretical modeling studies by Winter indicate the most favorable locations for growth of water-table mounds; hence, ground-water recharge ,is immediately adjacent to surface-water bodies. The large decrease in concentrations of calcium, magnesium, and bicarbonate in water from well Y on October 20, 1979 can probably be attributed to the 19 mm (millimeters) of precipitation on October 18, 1979.
Water seeping from the lake into the ground-water-flow system must come to equilibrium with the geochemical environment by dissolving carbonate minerals in the outwash sand. Based on WATEQF calculations, dilution of ground water by either infiltrating rain or lake water also would cause carbonate dissolution to attain equilibrium. The increase of concentrations of calcium and bicarbonate with distance from shore indicates dissolution of carbonate minerals to attain equilibrium occurs in the zone of seepage from the lake.
DISCUSSION
According to the criteria of Hutchinson (1957) , Williams Lake is dimictic. Marked thermal stratification was observed under ice cover and in the summer. Temperatures greater than 24°C (degrees Celsius) were observed above 3.5 m in July, due in part to the transparency of the water in Williams Lake. Secchi-disk transparency values indicate light penetrates to the bottom of the lake. This facilitates the growth of the lake's abundant submersed and emergent macrophytes. The depth of light penetration may also account for the slight oxygen maximum observed in May in conjunction with either the phytoplankton or macrophyte communities. Hutchinson (1957) has indicated that oxygen maxima involving supersaturated conditions are due to photosynthetic activity.
The concentration of major cations and anions in Williams Lake is somewhat higher than the world freshwater average reported by Livingstone (1963) . The lake is similar to other lakes of northern and northeastern Minnesota classified by Tarapchak (1973) , because water chemistry of the lake is dominated by calcium and bicarbonate ions. The major cation of the water chemistry of the contiguous ground-water system is also calcium; the major anion is bicarbonate. The importance of calcium and bicarbonate is probably a function of the composition of the glacial drift near the lake, which includes calcite and dolomite. The low concentrations of sulfate, chloride, sodium, and potassium in the lake and the contiguous ground-water system suggest the major source of these ions is from the atmosphere. Gorham (1961) has indicated the atmosphere can act as a source for chloride, sulfate, and sodium. Concentrations of these ions in the lake and its contiguous watershed were similar to values found in atmospheric precipitation by Garrels and MacKenzie (1971) and Likens (1976) .
Williams Lake has no surface-water inlet or outlet. The major-ion data indicate that ground-water and not atmospheric exchange is primarily responsible for the ionic composition of Williams Lake, based on comparison between the relative differences in the ionic composition of the lake and the contiguous ground-water system. Similar comparisons between the ionic composition of lake water and water taken from water-table wells were made in the Trout Lake region of Wisconsin (Fries, 1938) . Fries used those data to indicate that lakes with no surface inlet or outlet: interacted with the local ground-water system. Mortimer (1941 Mortimer ( , 1942 demonstrated that iron and manganese are mobilized from sediments to overlying water under near-anaerobic and anaerobic conditions. This process is a possible explanation for the higher concentrations of dissolved iron and manganese present in the July near-bottom sample compared to the near-surface sample, because nearly anaerobic conditions existed at 7 m. Although the mechanism which facilitates mobilization of iron from the sediments described by Mortimer can also account for an increase in phosphorus concentrations in the water above the sediments, it is not clear that this is occurring in Williams Lake. There is a distinct difference between near-surface and near-bottom total phosphorus concentrations when conditions are nearly anaerobic above the sediments of Williams Lake, but this also was observed in May when the entire water column contained more than 9 mg/L of dissolved oxygen. These data indicate the difference in near-surface and near-bottom concentrations of total phosphorus may be due to another mechanism, an accumulation of particulate material originating in the epilimnion and the littoral areas of the lake (Rigler, 1973) . Chiaudani and Vighi (1974) demonstrated that phytoplankton biomass is limited by phosphorus when the N:P ratio is greater than 10:1 by weight. Total nitrogen and total phosphorus data indicate algal biomass levels in Williams Lake are limited by total phosphorus concentrations, because the N:P ratio in the lake is 46:1 by weight. However, the factors controlling the maximum standing crop of all plant biomass in Williams Lake are not as readily identified because of the importance of the sediments as a nutrient source for aquatic macrophytes (Carignan and Kalff, 1980) . Carlson (1977) has developed an index for investigating the relationships between Secchi disk, total phosphorus, and chlorophyll values in lakes. Several Minnesota lakes were used by Carlson to demonstrate the use of the index. Carlson indicated that when these three characteristics are converted to the index values, they should be equal. The index formulation is based on empirical relationships between the three characteristics. The empirical relationship between phosphorus and chlorophyll concentrations indicate phosphorus places a limit on chlorophyll concentration in lakes. The empirical relationship between chlorophyll and Secchi disk indicates they are inversely related. Data for all three characteristics in Williams Lake were available only from the August sampling date. Based on these data, index values of 37 (Secchi disk), 39 (total phosphorus), and 45 (chlorophyll) were obtained, supporting the assumption that total phosphorus concentrations place a limit on algal biomass abundance (as measured by chlorophyll) in Williams Lake. These results also indicate Secchi-disk transparency and algal biomass are inversely related in Williams Lake. Chlorophyll concentrations observed in this study fall in the range of moderately productive lakes presented by Likens (1975) .
Concentrations of Si02 in Williams Lake are much lower than the world freshwater average presented by Livingstone (1963) . The Si0 2 concentrations in Williams Lake are also lower than the average values presented by Bright (1968) for Minnesota Lakes in coniferous forests, deciduous forests, and prairie environments. There were no distinct significant statistical differences between near-surface and near-bottom samples for each date, and there was no distinct seasonal pattern in concentration changes from date to date in Williams Lake. These data indicate the mechanism of Si02 depletion by the sedimentation of diatom frustules (Kalff and Knoechel, 1978) , and subsequent release of dissolved silica from the sediments (Bailey-Watts, 1976) probably does not occur in Williams Lake. Wetzel (1975) has indicated Si02 concentrations less than 0.5 mg/L are limiting for diatoms. Diatoms were the dominant component of the phytoplankton community in October, when Si02 concentrations were < 0.5 mg/L. Kalff and Knoechel (1978) have indicated diatoms are closely associated with isothermal periods of mixing, when their greater loss rates due to sinking are not a factor in placing them at a competitive disadvantage with other algae. Diatoms were dominant in Williams Lake only during the isothermal conditions in October, based on data collected in this study.
It is not clear why blue-green algae constitute the major component of the phytoplankton community in Williams Lake in May, July, August, and December. The high N:P ratio and absence of any pattern of nitrate depletion in Williams Lake preclude the common mechanisms attributed to blue-green algae dominance. When the N:P ratio is less than 5:1, nitrogen limits the phytoplankton and nitrogen-fixing blue-green algae become dominant (Schindler, 1977) . The depletion of inorganic nitrogen in the euphotic zone gives a competitive advantage to nitrogen-fixing blue-green algae, which then can become dominant (Depinto and others, 1976) .
The limited number of sampling dates in this study preclude identifying distinct patterns of seasonal succession in the zooplankton community of Williams Lake. However, the lake's zooplankton community does exhibit very general trends similar to those reported in the literature and discussed in detail by Hutchinson (1967) . In Williams Lake, Daphnia were the major components of the zooplankton community in July, August, October, and December, and Daphn-ia maxima occurred in July and October. This pattern of population dynamics is one that is typical of the genus Daphn-ia discussed by Hutchinson (1967) . Members of the genus ChydoTus are primarily littoral species according to Hutchinson, occurring in the open water only in the summer. Chydorids in Williams Lake were important components of the limnetic zooplankton community only in August and October; the maximum for this study occurred in October. The genus Polyarthra has definite autumnal species (Hutchinson, 1967) , and of all the rotifers in Williams Lake, only Polyarthra comprised more than 10 percent of the total numbers of zooplankton; this occurred in October.
CONCLUSIONS
1.
Calcium bicarbonate geochemistry dominates Williams Lake and the contiguous ground-water system.
2.
Based on geochemical and hydrologic data, the lake and the contiguous ground-water system interact.
3. Quartz, calcite, and dolomite were the major mineralogical constituents of the lake sediments. Marl was found in the littoral zones of the lake close to the shoreline. Loose organic floe and gyttja characterized the organic lake sediments.
4.
The lake was dimictic and has high optical transparency.
5.
Anaerobic conditions in the water column were not observed, despite the fact that the lake had clinograde oxygen distribution. Iron and manganese differed in their vertical distribution, coincident with clinograde oxygen distribution.
6.
The lake was moderately fertile with respect to its nutrient content. Phytoplankton biomass levels appear to be limited by the lake's phosphorus content.
7.
In the open water season when the lake was stratified thermally, the dominant components of the phytoplankton communities were blue-green algae, the dominant component of the zooplankton communities were copepods and cladocerans. Aquatic macrophytes were abundant.
8.
During isothermal conditions in the autumn, diatoms and rotifers were the dominant groups of their respective communities.
